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Although less than 1% of the US popu-
lation identified themselves as American
Indian in the 1990 US Census, this group
represents more than 300 tribal groups dis-
tinct in culture, history, and health behav-
iors.' Because of the great diversity and
small size of the American Indian popula-
tion, accurately estimating the cancer burden
and concomitant cancer prevention and con-
trol needs for a specific region or tribe is a
difficult task. The task is complicated by
3 limitations that plague the data sources
most often used to estimate cancer incidence
in American Indian populations': limited
generalizability,2 systematic underestima-
tion, and inconsistent racial classification.3

With regard to limited generalizability,
most existing data on the incidence of can-
cer among American Indians come from
the Surveillance, Epidemiology, and End
Results (SEER) tumor registries. Funded by
the National Cancer Institute, these registries
provide some of the richest periodic infor-
mation about cancer incidence, stage of
diagnosis, and survival that is available for
US populations. However, the most recent
race-specific data available from SEER
relate only to American Indians living in
New Mexico and Alaska.2 Because previous
studies have documented substantial varia-
tion in cancer incidence rates across regions
and tribes ofAmerican Indians,3-4 generaliz-
ing the SEER data to American Indians liv-
ing outside ofNew Mexico and Alaska is
problematic.

With regard to systematic underestima-
tion, the Indian Health Service (IHS) pro-
vides regional cancer mortality estimates
annually,5 and cancer incidence rates based
on hospital discharge data for the years 1980
through 1987 were recently published for
American Indian and Alaska Native popula-
tions that used IHS services.4 Although the
rates published in this report provide more
detail than previously available about regional

and tribal differences in cancer incidence,
these rates may substantially underestimate
cancer incidence rates for some anatomic
sites of cancer by excluding cancer diagnoses
that did not require hospitalization or were
made outside of the IHS network. Further-
more, because of probable variation by can-
cer site in the degree to which hospital dis-
charge data underestimate cancer occurrence,
these data are of questionable utility for
assigning relative priorities to cancer preven-
tion and control efforts directed toward can-
cers at different sites.

With regard to inconsistent racial classi-
fication, one altemative to relying on SEER
or IHS data for identifying cases of cancer
among American Indians in a specific region
is to use data from state or regional tumor reg-
istries. However, because previous research
has shown that American Indians are often
misclassified as being of other races in
health-related data sources,6'3 this approach
can also lead to underestimation of the inci-
dence of cancer in this population if mea-
sures are not taken to more completely and
accurately identify individuals ofAmerican
Indian race in these data sets.6"12 One solu-
tion to this problem is to link tumor registry
data with data such as IHS enrollment ros-
ters, which more reliably identify American
Indians. Such linkages have been accom-
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plished in at least 2 states.6'12 Because these
data are regionally specific and identify can-
cers at different sites with equal accuracy,
they are better suited to setting priorities for
cancer education, prevention, and control
policies in these regions than are either IHS
hospital discharge or SEER data. The pre-
sent study used this linkage approach to
improve ascertainment of cases of cancer
among American Indians in Minnesota.

Methods

Estimating Incident Cases ofCancer

The Minnesota Cancer Surveillance
System (MCSS) has collected information
about all Minnesota residents with newly
diagnosed cancers since January 1988. Min-
nesota law requires that all confirmed malig-
nant tumors diagnosed in Minnesota resi-
dents be reported to the MCSS. Completeness
of case ascertainment in the MCSS has been
estimated at 99.6%, and only 0.3% ofrecords
lack information on the primary surveillance
elements of age and date at diagnosis, sex,
county of residence, primary site, and histol-
ogy.14 However, information on race is miss-
ing from approximately 20% of MCSS
records.

To improve the ascertainment ofAmeri-
can Indian race, we linked the MCSS, using
the procedures described below, to IHS ros-
ters of individuals enrolled in the Bemidji
area (which includes service units in Min-
nesota, Wisconsin, and Michigan). The
enrollment rosters used for this study included
active, inactive, and deceased IHS enrollees.
Individuals in the enrollment rosters with
residences outside of Minnesota were not
excluded from the rosters for linkage pur-
poses, since it is possible that they had moved
to Minnesota without notifying the IHS of
their change in residence. Non-American Indi-
ans enrolled in the IHS were eliminated from
consideration in the counts ofincident cases of
cancer.

MCSS data for the period from Jan-
uary 1, 1988, through December 31, 1993,
were linked to Bemidji area IHS enrollment
rosters (cumulative through December 1995)
by means of a probabilistic record linkage
system. The linkage system is based on
Bayesian analysis and decision theory'" and is
modeled (with corrections) on the approach
provided in the SEER Data Management Sys-
tem User's Guide.'6 The system involves mak-
ing pairwise comparisons, on the basis of last
name, first name, middle initial, date of birth,
and social security number, between every
record in the 2 data sets that are being linked.
Comparisons of the data sets are made sepa-

rately for males and females. After both com-
mon faults in data (such as missing values and
inconsistencies in the spelling of names) and
the frequency with which certain names, birth
dates, and other data occur in the data sets
being linked are taken into account, each
comparison is assigned a weight that reflects
the extent of agreement in the fields being
compared. On the basis of these weights,
each comparison is declared a match, a non-
match, or an undecided "gray zone." Deci-
sions about gray zones are adjudicated manu-
ally by comparing additional information
about specific cases, such as address, aliases,
and telephone numbers.

The MCSS record linkage system has
been tested with high-quality data sets in which
all of the key identifiers have valid (i.e., non-
missing) data. In these tests, sensitivity for the
MCSS record linkage system was found to be
98.2% and specificity was greater than 99.9%.
Data sets with missing values tend to produce
lower sensitivity and specificity. MCSS data
for the key fields compared in the linkage
were highly complete. In the IHS data set,
however, approximately 9% of records were
missing social security numbers, and approx-
imately 0.01% were missing dates of birth.
To increase the specificity and sensitivity of
the MCSS-IHS linkage, we chose thresholds
that resulted in a larger number of gray-zone
cases than in the tests referred to above and
conducted with more complete data sets.

MCSS cases that either matched the
Bemidji area IHS enrollee roster or were origi-
nally identified in the MCSS as involving per-
sons ofAmerican Indian race were counted as
American Indian cancer cases when incidence
rates were being calculated. Cases coded as
American Indian in the MCSS but not appear-
ing in the IHS roster were included in the inci-
dence estimates for American Indians, since
not all American Indians living in Minnesota
are registered with local IHS offices.

Estimating the Population at Risk

The number of American Indians in
Minnesota at risk for developing cancer dur-
ing the period examined was calculated by
summing estimates of the number of self-
identified American Indians living in Min-
nesota provided by the US Bureau of the
Census for the years 1988 through 1993. Est-
imates for 1990 were derived directly from
the 1990 US Census. Estimates for 1991
through 1993 by means of linear regression
techniques were projected with the most cur-
rent 10 years of Indian birth and death data
provided by the National Center for Health
Statistics.17 Estimates for 1988 and 1989 were
derived from a smoothing technique that pro-
duced a gradual transition in population esti-

mates between the 1980 and 1990 US Census
years.'7

Computation and Comparison ofRates

Average annual cancer incidence rates for
the period from 1988 through 1993, directly
age-standardized to the 1970 US total popula-
tion, were calculated separately for males and
females. The 95% confidence interval (CI) for
each incidence rate was estimated with meth-
ods described byArmitage and Berry.'8

The rates of cancer estimated for Ameri-
can Indians were compared with the rates for
the total population ofMinnesota through use
of the standardized incidence ratio (SIR).
Each SIR was calculated by taking the ratio of
the observed number of cancer cases among
American Indians in Minnesota to the number
that would be expected if American Indians
had the same age-specific cancer incidence
rates as the general population of Minnesota.
Byar's formula for Poisson-distributed obser-
vations 9 was used to obtain 95% CIs for each
SIR. Because of the small size of the popula-
tion on which these estimates were based,
incidence estimates and SIRs are reported
only for the 5 most common cancers occur-
ring among American Indians in Minnesota.

Results

Identification ofCases ofCancerAmong
American Indians in Minnesota

Table 1 shows the number and percent-
age of cases of cancer among American Indi-
ans in Minnesota that were identified by com-
bining IHS and MCSS data according to the
source ofidentification. Combining these data
revealed a total of 329 cases of cancer among
male and 466 cases of cancer among female
American Indians. Linking the MCSS to the
IHS enrollment rosters led to the identification
of 118 more cases of cancer among male and
184 more cases of cancer among female
American Indians than would have been iden-
tified through the use of MCSS race data
alone (see Table 1, row 2). Inclusion of cancer
cases classified as occurring inAmerican Indi-
ans in the MCSS but not matching the enroll-
ment rosters for the Bemidji area IHS added
64 cases among male and 120 cases among
female American Indians to the numerator of
our incidence estimates (see Table 1, row 3).

Cancer Incidence Estimates

Table 2 shows estimates of cancer inci-
dence rates derived before and after the link-
age for the 5 most common cancers among
American Indians in Minnesota. These can-
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cers, ranked according to the magnitudes of
their age-standardized incidence rates, were

prostate, lung, breast, colorectal, and cervical
cancers. For comparison purposes, rates cal-
culated for the total population of Minnesota
are also included in Table 2.

Comparing incidence rates obtained from
MCSS data alone (before the linkage) with
incidence rates obtained after supplementing
the MCSS race data with information on IHS
membership (after the linkage) gives a sense

of how our estimates were affected by the
more complete and accurate identification of
American Indians. For each site of the 5 most
common cancers among American Indians in

Minnesota, the postlinkage estimates suggest
much higher incidence rates than did the pre-
linkage estimates. Most notably, the postlink-
age estimates for prostate and breast cancer

incidence are almost twice as great as the pre-
linkage estimates, and these differences are

statistically significant.
The SIRs in Table 3 offer 2 comparisons

of cancer incidence in the American Indian
and total populations of Minnesota: the com-
parison based on the prelinkage data and the
comparison based on the postlinkage data. The

prelinkage SIRs suggest that American Indi-
ans in Minnesota have anywhere from slightly
to significantly lower cancer incidence rates
for all but cervical cancer. For prostate, col-
orectal, breast, and all sites combined, how-
ever, the added cases identified by the linkage
attenuate these differences. Most notably, the
breast cancer incidence rate for American
Indians increases from 62% below the rate for
the general population before the linkage to
33% below that for the general population
after the linkage, and the prostate cancer inci-

dence rate increases from 52% below that for
the general population to 14% below that for
the general population after the linkage. With
lung cancer, the prelinkage SIRs suggest that
its rate among American Indians in Minnesota
is no different from that for the general popu-
lation. The postlinkage estimates, however,
suggest that the rate among American Indians
is 50% to 60% higher.

Discussion

The postlinkage estimates from this study
paint a somewhat different picture of relative

cancer burden among American Indian resi-
dents of Minnesota than might be assumed
from either the prelinkage estimates or other,
previously published estimates of cancer inci-
dence in American Indian populations. The
increased cervical cancer incidence rates
found among American Indians in Minnesota
in this study highlight a well-recognized need
for prevention and control services.

If, however, either the prelinkage data or

data from other published studies2'4 were used
for setting cancer education, prevention, and
control priorities for the American Indian
communities in Minnesota, lung, colorectal,
prostate, and breast cancer may not have been
considered topics of concem. By contrast, the
postlinkage estimates suggest that public edu-
cation and/or prevention and control efforts
for these cancers are certainly warranted. For
instance, although the value of mammogra-
phy for American Indian women has been
debated,4 2>22 our study found postlinkage
incidence rates of breast cancer among Amer-
ican Indians comparable to the rates for the
general US population estimated 20 years
ago, when mass mammography screening was
first widely endorsed.3 This strongly suggests

American Journal of Public Health 1675

TABLE 1 -Number and Percentage of American Indian Cancer Cases Identified Through the Linkage of Data From the Indian
Health Service (IHS) and the Minnesota Cancer Surveillance System (MCSS), by Source of Identification

Male Female
Source of identification No. % No. %

In IHS enrollment file and coded as American Indian in the MCSS 147 44.7 162 34.8
In IHS enrollment file but not coded as American Indian in the MCSS 118 35.9 184 39.5
Not in IHS enrollment file but coded as American Indian in the MCSS 64 19.5 120 25.8

Total 329 100 466 100

TABLE 2-Selected Age-Standardizeda Invasive Cancer Incidence Rates per 100000, Before and After Linkage of Data From
Indian Health Service and Minnesota Cancer Surveillance System, 1988-1993

Minnesota Total Population, Minnesota American Indians Minnesota American Indians
1988-1993 1988-1993, Before Linkage 1988-1993, After Linkage

Cancer Site Males Females Males Females Males Females

Prostate 150.9 ...c 61.9 c 111.9 ..c
(148.8,153.0) ...c (42.6, 81.3) ...c (85.8,138-0) ..c

Lung/bronchus 65.6 33.1 59.3 36.0 97.1 55.5
(64.2, 67.1) (32.2, 34.1) (64.4,109.9) (21.7, 50.4) (73.2,121.0) (37.7, 73.2)

Colon/rectum 57.2 39.1 37.9 26.1 56.5 37.6
(55.4, 59.0) (37.8, 40.4) (23.2, 52.6) (13.7, 38.6) (38.4, 74.6) (22.9, 52.3)

Breast ...c 109.5 ...c 44.5 ...c 82.9
...c (107.7,111.2) ...c (29.5, 59.6) ...c (61.8, 104.0)

Cervix ...c 7.5 ...c 19.2 ...c 28.8
...c (7.0, 7.9) ...c (10.2, 28.4) ...c (17.5, 40.2)

All sites 464.7 329.0 279.2 211.2 441.6 338.9
(460.9, 468.4) (326.1, 332.0) (239.3, 319.1) (177.7, 244.8) (391.2, 491.9) (296.3, 382.5)

aRates are standardized to the 1970 US population.
b95% confidence intervals are shown in parentheses.
cRate not calculated: fewer than 25 cases.
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TABLE 3-Selected Standardized Incidence Ratiosa: Incidence Rates for
American Indians in Minnesotab Compared With Those for the
General Population of Minnesota, 1988-1993

Before the Linkagebc After the Linkagebc
Cancer Site Males Females Males Females

Prostate 0.48 d 0.86 d
(0.34, 0.65) d (0.67,1.08) d

Lung/bronchus 0.96 0.97 1.58 1.51
(0.68,1.31) (0.63,1.43) (1.22, 2.01) (1.08, 2.07)

Colon/rectum 0.75 0.63 1.08 0.92
(0.49,1.09) (0.37, 0.99) (0.77,1.48) (0.61, 1.32)

Breast d 0.38 d 0.67
d (0.27, 0.53) ...d (0.52, 0.85)

Cervix d 2.06 ..d 2.94
d (1.27,3.14) d (1.98, 4.19)

All sites 0.64 0.58 1.01 0.91
(0-56, 0.74) (0.50, 0.67) (0.90,1.13) (0.81,1.03)

aRates are standardized to the 1970 US population.
bBased on cancer incidence rates calculated before and after the linkage of data from the
Indian Health Service and the Minnesota Cancer Surveillance System.

C95% confidence intervals are shown in parentheses.
dRatio not calculated: fewer than 25 cases.

that the incidence ofbreast cancer is certainly
high enough among American Indians in
Minnesota to warrant promoting the use of
mammography in this population.

Similarly, the finding that lung cancer is
the second most common cancer among both
male and female American Indian residents
of Minnesota suggests that developing effec-
five cigarette smoking prevention and cessa-
tion programs, particularly those targeting
youths, should be a top priority for cancer
prevention and control efforts in the Ameri-
can Indian communities of Minnesota. The
finding that their incidence rates of colorectal
cancer are similar to those for the general
population suggests that American Indians in
Minnesota stand to benefit as much as the
general population by adhering to the colo-
rectal cancer screening guidelines recom-
mended by the US Preventive Services Task
Force.24 Finally, the finding that prostate can-
cer is the most common cancer among Amer-
ican Indian men in Minnesota suggests that
information about the benefits and limita-
tions of screening and treatment for prostate
cancer may soon be in high demand by this
population.

Although the estimates derived in this
study provide more accurate and specific
information than those derived in previous
studies, this study's estimates may still
underrepresent the incidence of cancer
among American Indians in Minnesota for
the following reasons. First, because not all
American Indian residents of Minnesota are
registered with the IHS, some American
Indians not identified as such in the MCSS
may have been missed in our numerator

counts. Second, because the means for iden-
tifying American Indians in the denominator
of our formula (self-identification in the US
Census) are less restrictive than the means
for identifying American Indians in the
numerator (enrollment in the Bemidji Area
IHS or medical record identification), our
estimates are probably smaller than those
that would have been obtained ifthe numera-
tor and denominator data had been derived
from the same identification procedures.
Third, although our linkage procedures did
not automatically classify individuals with
missing social security numbers as non-
matches, we might have identified more
matches if the IHS data had had fewer
records missing on this item.

Conclusion

The data obtained from the linkage used
in our study are specific to American Indians
in Minnesota, identify cancers for all anatomic
sites with equal accuracy, and correct for
potential inaccuracies in the classification of
American Indians in the cancer registry data
used in the study. Consequently, the linkage
data provide better guidance for setting cancer
education, prevention, and control priorities
for American Indians in Minnesota than do
either previously published or prelinkage esti-
mates. Unlike other estimates of cancer inci-
dence in American Indian populations,2'4 the
estimates from our linkage study suggest that
lung cancer incidence rates are significantly
higher among American Indians in Minnesota
than in the general population, and that

prostate and colorectal cancer incidence rates
are similar to those in the general population.
The increased cervical cancer rates and lower
breast cancer rates among American Indian
women in Minnesota revealed by the linkage
are consistent with expectations based on prior
research.3'4"1 However, the postlinkage esti-
mates reveal a greater excess of cervical can-
cer than do the prelinkage estimates and
suggest that breast cancer incidence rates are
more similar to the rates for the general popu-
lation than previously assumed. These find-
ings suggest different priorities for cancer
education, prevention, and control than have
been inferred from previous studies4'222 and
underscore the importance of using accurate
and specific data for making local health-
related policy decisions. D
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